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ABSTRACT 


The development o£ processes for the expansion of tobacco leaf 
and stem necessitated a method for evaluating the effects of these 
processes, especially in the area of increased filling power of 
tobaccos. 

After evaluation of several filling power methods, the cylinder 
volume determination proved to be the best method for determining the 
filling power of’expanded cut.filler. The method involves applying a, 
constant pressure to a cylindrical column of tobacco for an established 
period of time, .The volume occupied by the tobacco after five (5) 
minutes of constant pressure is the cylinder volume of that sample. 

The moisture of the sample after the cylinder volume analysis is 
required since cylinder volume results are sensitive to moisture 
content. 

The usefulness of cylinder volume results lies in the fact 
that it can be used as a method for evaluating expansion processes. 
Cylinder volume data, in conjunction with cigarette firmness data, 
is also useful in predicting yields of cigarettes per pound of tobacco. 
These yields increase with increasing•amounts of expanded material 
in the various blends. ‘ 
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INTRODUCTION 

Filling power can be defined as the ability of a tobacco 
blend to yield a firm cigarette rod x^hen volume and moisture 
remain constant. Evaluations were made on several filling power 
tests xv^ith the cylinder volume method proving to be the most 
reproducible. 

The p'ercent relative standard deviat-ion (2 sigma) for the 
method is 5.0^ for the stainless steel cylinders. 

METHODOLOGY 

Cylinder volumes are determined using precision made stainless 
steel cylinders and brass pistons. (See Figure I for picture of 
apparatus.) The diameter of the cylinder is 3,3579 centimeters and 
the weight of the piston is 4 lb. 2 oz., yielding a pressure of 
3,01 Ib/sq. in. on the column of tobacco. This pressure was 
determined as the approximate pressure exerted on a -cigarette rod 
in the making process, and is maintained in the cylinder volume 
analysis. A ten-gram sample is weighed to the nearest milligram and 
added to the cylinder by means of a funnel. The cylinder of tobacco 
is vibrated on a Syntron vibrator for 30 'seconds. Th© piston is 
placed in the cylinder so that the top of the piston is even with the 
top of the cylinder, then alloxved to free-fall onto the column of 
tobacco and remain there for five minutes. One exception to this 
procedure is x^^hen highly expanded material is being tested. Instead 
of allox^ing the piston to free-fall, the piston is lox\rered until the 
column of tobacco begins to support the xveight of the piston. Then 
the five-minute timing begins. 
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After the weight has been allowed to rest on the column of ‘ 

tobacco for five minutes, the difference from the top of the piston 
to the top of the cylinder is measured to the nearest 1/2 mm. 

The piston in the empty cylinder gives a reading of 10.50 cm 
from the top of the piston to the top of the cylinder. The height 
of the column of tobacco is determined by subtracting from or adding 
to 10.50 cm the reading when sample is in the cylinder. 

For example: 

1) Normal sample - piston inside the cylinder 

10.50 cm = Reading when empty 

6.50 cm = Reading with sample in cylinder 
4.00 cm = Height of column of tobacco 

ZJ Highly expanded sample - piston extending out of 

cylinder 

10.50 cm = Reading when'empty' 

+ 1.00 cm = Reading with sample in cylinder 

11.50 cm = Height of column of tobacco 

To determine the actual filling power value, the following 
formula is used: 

Cyl. Vol. “ irr^h 

= (3,1416)Cl-6790)^h 
= 8.856 (h) 
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For example 1 For example 2 ^ 

Cyl. Vol. = (8.8S6)(4.00) Cyl. Vol. = (8.856)011.50) 

= 35.4 cc/10 gm « 101.8 cc/10 gm 

Conversion tables are available to convert the reading with 
sample in the cylinder to cubic centimeters. 

Since the cylinder volume test is very sensitive to moisture 
differences, moisture determinations should always be made ori the 
sample after the cylinder volume test is completed. This practice 
will give a result as the cylinder volume o£ a sample at a specific 
moisture level. 

A plot■of cylinder volume ya. percent moisture (in the range 
of 11 - 1S% 0. V.) will produce a curve nearly approaching linearity. 
By determining the slope of this line, the cylinder volume of a 
sample can be quickly determined at any moisture level in the range 
of 11 - 15% 0. V. 

When reporting cylinder volumes, the final result is usually an 
average of three.determinations. The moisture level reported, is 
usually the average o£ two moisture determinations made from 
the cylinder volume determinations. 
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UTILITY OF CYLINDER VOLUME DATA 

Cylinder volume data can be used in evaluating expansion 
processes by determining an increase in filling power of an 
experimental process over a control process. Figure II is a 
plot of cylinder volume vs. percent moisture for a control 
stem process and an experimental expansion process for stem. 

By comparing cylinder volume values at equal moisture levels, 
the increase in filling power of the expansion process over the 
control can be determined at any moisture level. For the example 
in Figure II, the experimental process shox^s a 25% increase in 
filling power at the 13% moisture level. 

The addition of expanded tobacco to a cigarette blend 
increases the filling poiver of that blend, as shown in Figure IV. 

The filling power of the blend increases linearly with increasing 
percentages of expanded tobacco. 

All of the blends have to be equilibrated to the same 
moisture level before running the cylinder volumes, or corrected 
to a common moisture level when plotting the .results.. If the samples 
had been at different moisture levels, the linearity ivould not exist. 

EFFECTS OF VARIOUS FACTORS ON CYLINDER VOLUME DETERMINATIONS 

1) Percent Moisture - Cylinder volume determinations are 
very moisture sensitive. A. plot of cylinder volume 
vs . percent moisture (Figure II) yields a nearly linear 
relationship when plotted over a range of 11 - 15% 
moisture. 
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As the moisture content of a sample increases, the 
cylinder volume decreases. The wetter the sample is, 
the greater the compressibility under a specific 
pressure. As the compressibility increases, there 
is less resistance to support the weight of the piston, 
thus a lower cylinder volume reading. It is most 
important to know the moisture at ^^hich the cylinder 
volume is determined. 

2) Sample Size - There is a direct linear relationship 
between cylinder volume and the size of the sample 
used in the determination if the moisture .content is 
held constant. This is shown by the graph in Figure III. 

3) Percent Expanded Material in Product - Figure IV shows 
that as the pe*rcent of expanded tobacco increases in a 
blend, the filling power of that blend increases linearly. 
This relationship holds only if all of the samples are 
equilibrated to the same moisture level before determining 
the cylinder volume of that sample. If the samples are 
not at the same moisture level, they must be corrected to 
one moisture level by plotting a curve of percent 
moisture v_s. cylinder volume for each blend. 
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SUMMARY 

The cylinder volume test has become a very useful and reliable 
analysis in the development and evaluation of tobacco expansion 
processes. 

Cylinder volume determinations in conjunction with cigarette 
firmness data can be used to. predict yields of cigarettes per 
pound of tobacco. To do this, a knoX'Tledge of cigarette firmness 
methods is needed. 

The sensitivity of cylinder volume determinations to moisture 
content of samples, requires that moisture determinations be made 
on the samples from the cylinder volume analysis. 
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Figure 


Apparatus For Determining 
Cylinder Volumes 
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